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Abstract 
TiO2-WO3 nanocomposites were prepared by colloidal processing in solvothermal conditions, with W:Ti nominal atomic ratio of 
0.16 and 0.64. By exploiting the different chemical properties of the precursors, it was possible to separately nucleate TiO2 
anatase nanocrystals and tiny species of W oxides. After heat-treatment at 500 °C, TiO2 nanocrystals with a size of about 8 nm 
were obtained, among which WO3 monoclinic nanocrystals were dispersed, as ensured by X-ray diffraction, High-resolution 
transmission electron microscopy and X-ray photoelectron spectroscopy. The resulting chemoresistive gas-sensors were tested 
against acetone vapors as a sample target analyte. While pure TiO2 displayed very low response to acetone in all the operating 
conditions, the addition of the WO3 component boosted the sensor response, which became comparable or even larger than pure 
WO3. The analysis of the electrical properties of the nanocomposites showed that the response enhancement was not due to 
doping effects, indicating a cooperative effect between the two materials oxide components. 
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1. Main text  
Metal oxide heterojunctions [1] have been long-time known as an interesting alternative approach to modify the 
sensing performances of single oxides, by properly coupling the features of each component. This last concept 
would need specific definition and implementation in each case. In fact, every oxide component will display a 
peculiar pattern of chemical interaction with the gaseous analyte. For instance, materials systems suggested by 
catalysys field should benefit from surface deposition of an oxide onto another oxide system. Remarkable examples 
include the TiO2-V2O5 and TiO2-WO3 systems. Indeed, TiO2-WO3 nanocomposites are of particular interest in 
photoelectrochemical devices but there are only very few studies in gas-sensing field [2]. It would then be of interest 
to investigate nanocrystalline TiO2-WO3 composites, originated from colloidal techniques, for taking further 
advantage from the related size effect. This aim was achieved by colloidal synthesis, exploiting the different 
chemical reactivity of the Ti and W precursors. Briefly, TiO2 anatase nanoparticles were prepared as previously 
described [3], by coupling sol-gel synthesis and solvothermal crystallization step. Before the crystallization step in 
oleic acid at 250 °C, the W precursor, prepared as described previously [4], was added. Two concentrations were 
explored, ranging from 0.16 to 0.64 nominal atomic W : Ti ratio. The interaction of the two precursors gave rise to 
complex structural evolution upon the various heat-treatments. The final chosen heating temperature, for preparing 
organic free and thermally stabilized materials, was 500 °C. After this temperature, the samples were composed by 
different phases, depending on the W concentration. This is shown in Figure 1, where the XRD patterns of the 
nanocomposites heated at 500 °C are shown. For 0.16 W concentration only the anatase peaks were observed, 
together with a very weak signal probably due to substoichiometric tungstate phases. For 0.64 W concentration, 
phase separation occurred, resulting in tiny WO3 nanocrystals dispersed into the TiO2 host. Further investigation by 
Raman spectroscopy showed that for 0.16 [W] the surface of the anatase nanocrystals was covered by W oxide 
species forming a dense layer. In this case, the mean size of the anatase nanocrystals was 8 nm and they had a 
spheroidal shape, as seen by TEM studies. For 0.64 [W], a real nanocomposite was formed. Here, the mean size of 
the anatase nanocrystals was 10 nm, but the lattice parameters were different from those of pure anatase. This result 
showed lattice modification due to interaction of W with the TiO2 lattice. Hence, different sensing properties could 
be expected with respect to the pure TiO2 host system. As a sample gaseous analyte, acetone was chosen, for testing 
the oxidation properties of the prepared materials towards organic species. Figure 2 shows the dynamic response 
curve to 25 ppm acetone, as an example of the various tests that we carried out. Some features are readily evident. 
First of all, pure titania has a very low activity with respect to the other systems, and the conductance variation upon 
introduction of acetone is practically negligible. It will be noted that acetone sensing occurred through conductance 
increase, as expected from the reaction of reducing gases with n-type sensing materials. 
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Fig. 1. XRD patterns of the 500 °C nanocomposites with different W atomic concentrations (0.16 and 0.64 for low and high W, respectively). 
The pattern of pure TiO2 is also shown. The stars indicate the peaks of W oxide phases. 
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Fig. 2. Dynamic response curves for 25 ppm acetone concentration of the indicated sensors. The “L” and “H” subscripts indicate the low and high 
W concentrations, respectively. 
Introduction of different W concentrations did not affect remarkably the base conductance, showing that W 
introduction into the anatase lattice was probably limited and that related doping phenomena were negligible. 
Hence, the difference in the electrical and sensing properties should be attributed to the surface W oxide 
modification and, in the case of 0.64 [W], also the presence of dispersed WO3 nanocrystals. Instead, the conductance 
variation was strongly enhanced by W presence. Even addition of the lowest W concentration, when only surface 
modification of anatase, boosted the sensor signal. For comparison, the signal of pure WO3 sensor, prepared by 
using the same W precursor, was used. While its base conductance was much larger than the modified samples or 
pure TiO2, it will be noted that its conductance variation upon acetone injection was almost paralleled by the W-
modified samples. Final remark, before considering the quantitative evaluation of the sensor responses, concerns the 
recovery of the sensor signal. It can be observed that for all the investigated sensors recovery requires about 30 min, 
suggesting the presence of rooted species coming from the acetone decomposition. The fact that the long recovery 
time was observed for all the sensors containing W, including pure WO3, suggested similar sensing mechanism.  
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Fig. 3. Response dependence upon operating temperature for 100 ppm acetone. The “L” and “H” subscripts indicate the low and high W 
concentrations, respectively. 
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Fig. 4. Calibration curves towards acetone for operating temperature of 350 °C.  The “L” and “H” subscripts indicate the low and high W 
concentrations, respectively. 
This conclusion will be reinforced by Figure 4. Before, we will shortly consider the response trends of the various 
sensors. In Figure 3 the response-temperature data for 100 ppm acetone concentration are shown. It is confirmed 
that, with respect to pure TiO2, the TiO2-WO3 devices showed a higher response already at 100 °C. But, when the 
operating temperature was increased, the response rose up to two orders of magnitude of conductance variation, 
comparable or even higher than that of pure WO3, for the highest W concentration. Such sample indeed displayed 
the best response over a broad range of operating temperatures. It will be noted that the response data resemble a bell 
shaped curve, despite very distorted, with the maximum for pure TiO2 displaced to very high temperatures. It is then 
further suggested that W addition resulted in catalytic effect. Figure 4 shows the calibration curves for 350 °C 
operating temperature. It is now quantitatively clear that while pure TiO2 was almost inactive, W addition boosted 
the sensor response. The slope of the response curves can be associated to the sensing mechanisms [5]. The W-
modified devices display almost parallel curves, different from the calibration curve of TiO2. Despite the 
consideration of the slope by itself may be misleading, in absence of detailed knowledge of the reaction steps, 
coupling this observation with the previously noted recovery times reinforced the hypothesis that similar reaction 
mechanisms were involved in the W-modified samples, and hence that the W oxide layer is the active component in 
the sensing material. The results presented in this work show that proper use of the precursor chemistry may result in 
enhanced sensing architectures, taking advantage of the catalytic coupling between a less active core and a 
monolayer of different, more active oxides. 
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